Background & objectives: ADAM33 is implicated as a potentially strong candidate gene for asthma and bronchial hyper-responsiveness. Many polymorphisms of ADAM33 have been studied along with ADAM33 expression in various cells of the lungs. Haplotype analysis also showed association with asthma in different populations across the world. Therefore, the aim of this study was to perform a comprehensive screening of ADAM33 polymorphisms in adult patients with asthma.
have a higher expression in epithelial cells and smooth muscle cells of airways among asthmatics compared to controls. It has been identified as a potential therapeutic target for asthma as it enables airway inflammatory and remodelling effects after allergen exposure 4, 5 . Every individual's genotype entails multiple closely linked SNPs, which can be referred to as haplotypes. Haplotypes are analyzed mainly for two reasons; primarily, haplotype alleles may exist in closer linkage disequilibrium with causal variant compared to single measured SNP and the other reason being that the haplotypes can be causal variants of significance by themselves 6 . The haplotype analysis can be considered to narrow down the position of disease susceptible loci, complex disease gene mapping and genome-wide association studies and to reconstruct the histories of human population 7, 8 . Common haplotype frequencies can be evaluated based on the known marker phenotypes in unrelated individuals of a population 9 .
ADAM33 is important in asthma and is one of the few associations that have been successfully reproduced in follow up studies, including the haplotype analysis in different populations across the world. Over 55 different SNPs of ADAM33 have been reported in the literature, and the majority of these have been associated with asthma 10 . The present pilot study was carried out to comprehensively screen 35 ADAM33 polymorphisms that have been known to be associated with asthma in patients with asthma and healthy individuals.
Material & Methods
Consecutive patients with asthma (n=55) visiting the JSS Hospital, Mysuru, India, from July 2012 to January 2013 were included in the study. The age-and gender-matched controls were selected from the general population from the Burden of Obstructive Lung Disease (BOLD) cohort in urban Mysuru 11 . Both patients and normal controls underwent spirometry, pre-and post-bronchodilator, satisfying the American Thoracic Society standards 12 . The diagnosis of asthma was based according to the Global Initiative for Asthma (GINA) guidelines having a reversibility of more than 12 per cent and 200 ml on post-bronchodilator spirometry 13 . Asthma patients were classified according to severity based on the GINA-2012 guidelines as mild-, moderate-and severe-persistent asthma (https://ginasthma.org/wpcontent/uploads/2019/01/2012-GINA.pdf).
All the asthmatics underwent skin prick testing to confirm atopy. The patient was said to be atopic if he/she was sensitized to any one of the allergens tested. A wheal size of more than 3 mm of saline control was considered a positive skin prick test. Three millilitres of venous blood was collected into BD Vacutainer ® Plus Plastic K 2 EDTA tubes (USA). Wizard Genomic DNA isolation kit (Promega, USA) was used to isolate genomic DNA from peripheral blood leucocytes.
The patients below 18 yr were excluded from the study. Further, the patients with any other respiratory diseases were also excluded. The Institutional Human Ethical Committee of University of Mysore approved the present study (IHEC-UOM No.79 Ph.D/2012-13). Written informed consent was taken from all the patients/participants of the study.
Single nucleotide polymorphism (SNP) genotyping using MassARRAY analysis: SNP genotyping in the samples was performed using the Sequenom MassARRAY platform using MALDI-TOF mass spectrometry in Xcelris Genomics Company, Ahmedabad, India, wherein Sequenom-iPLEXR Gold SNP genotyping-platform (Agena Bioscience™, CA, USA) along with Spectro CHIP was used for the MassARRAY method and the analysis was done with MALDI-TOF mass spectrometry.
Analysis of SNPs of ADAM33 gene: ADAM33 consists of 22 exons and 21 introns encoding 813 amino acids.
There are more than 340 SNPs identified in this gene 14 . This study was performed on 35 SNPs of ADAM33 selected based on previous studies 15, 16 as well as from the databases (https://www.ncbi.nlm.nih.gov/snp/ and https://www.snpedia.com/index.php/SNPedia).
The SNPs selected and their positions on the genome along with the type of SNPs, primers used for ADAM33 SNP genotyping alongside the mass of unextended (E1) and extended (E2) primers in Daltons are listed in Table I .
The "PED" format file with case-control values paired to the locus information file was considered for the haplotype analysis using Haploview tool (https://www.broadinstitute.org/haploview/haploview) which identified the association with T-int value. The association test was performed using the case/control possibility. The pairwise comparison of markers >500 kb distance was ignored followed by excluding individuals with >50 per cent missing genotypes. There were no individuals with missing genotype in our study dataset. The haplotype blocks were created with >1.0 per cent linked haplotype, and >10.0 per cent haplotype blocks were highlighted with the thick lines for association identification.
Effect of SNP variation:
The possible effect of an amino acid change on the structure and function of a human protein can be predicted by the tool, PolyPhen-2 (Polymorphism Phenotyping V2; http://genetics.bwh.harvard.edu/pph2/). PolyPhen-2 uses eight sequence-based and three structure-based predictive features, which are selected automatically by an iterative greedy algorithm. The majority of 
Results
The demographic characteristics of the population studied are presented in Table II . Genotype to phenotype, minor allele frequency, odds ratio and Hardy-Weinberg equilibrium calculated did not show significant difference among cases and controls (data not shown). Thirty five polymorphisms of ADAM33 and their haplotypes were analysed for their association with asthma in 19 mild, 21 moderate and 15 severe cases. Table III represents the pulmonary function test values for both patients and controls. There was no association with any of the SNPs in mild, moderate or severe asthma as compared to controls. A comparison of the genotype distributions of ADAM33 SNPs among atopic and nonatopic patients showed an insignificant difference. Correlation analysis of ADAM33 SNPs using Chi square statistics to the clinical variables did not show positive correlation with the allergen sensitization, either with the number of allergen sensitization or with the severity of sensitization.
Haplotype analysis: Haplotype analysis showed that SNPs rs2280090 and rs2280091 were associated with asthma in the patient group (Table IV) . The association of haplotype with asthma was analyzed using Haploview software similar to other studies [18] [19] [20] . The haplotype with AA alleles was found to be significant (P=0.037) ( Table V) . The SNP location was 29 bp apart from each other and the LOD score was 20.48 followed by D ---1. The r 2 value was 0.75 and the distance between these SNPs was 29 bp. The Haploview software uses its own statistical value called T-int, which was found to be 105.54 (Table V and Fig. 1 ).
PolyPhen-2 analysis of significantly associated variations showed the effect 'benign' for both rs2280090 and rs2280091 SNPs individually (Fig. 2) .
Discussion
Asthma is a heterogeneous, chronic lung disease that is caused by interplay of genes and environment in an individual. ADAM33 is one of the positionally cloned asthma-associated genes found to be associated with many pathological features of asthma, including goblet cell hyperplasia, subepithelial fibrosis, collagen deposition, mucosal gland hyperplasia, smooth muscle hypertrophy, changes in the extracellular matrix and inflammation 4, 21, 22 . In the present study the genotype to phenotype, minor allele frequency, and odds ratios did not show significant difference among cases and controls with SNPs. On haplotype analysis, an association of two SNPs rs2280090 and rs2280091 was observed with asthma with a strong linkage disequilibrium value.
Many SNPs associated with asthma have not been found to be reproducible in different ethnic populations such as Puerto Rican and Mexican 23 . ADAM33 SNPs have been found to be associated with asthma susceptibility in various ethnic populations, though 24 .
The study on ADAM33 polymorphisms was carried out as continuation of studies in genetic polymorphisms in asthma by the Mysore asthma genetics group 2, 25, 26 . No association was found in our study between ADAM33 SNPs and asthma phenotypes such as asthma severity and atopy. Our results were similar to other studies conducted in Australian and German populations 1, 27 . On the other hand, in a study from north India 28 one of the SNPs of ADAM33 was found associated with the mild intermittent subgroup of asthma 28 .
On haplotype analysis, two polymorphisms, rs2280090 and rs2280091, were observed to be associated with asthma among 35 SNPs, with the T-int value of 105.54. However, Haploview software measures the completeness of information represented by a set of markers in a region and denoted as T-int. The value of T-int >100 is considered as significantly associated as per the Haploview tool. The result supported another study where haplotypes were found to be associated with asthma 18 ; further, these SNPs were associated with an increased predisposition to asthma 29 , but no such association was found in other studies 30, 31 . In another study, rs2853209 SNP was found to be associated with asthma along with T1 (rs2280091) and F+1 SNPs of ADAM33 32 . Values are mean±SE. FEV1, forced expiratory volume in one second; FVC, forced vital capacity; PEF, peak expiratory flow D', D prime between two loci; LOD, log of likelihood odds ratio; r 2 , correlation coefficient between two loci A similar study on Korean asthmatics confirmed that both SNPs and SNP haplotypes were associated with bronchial hyper-responsiveness and asthma 33 . No haplotype in linkage disequilibrium was consistent in all populations studied. This could be due to differences in each population's linkage disequilibrium 34 . The minor alleles observed in the two SNPs in the present study (rs2280090 and rs2280091) were in the linkage group with a strong association of 20.48 LOD score. These two SNPs formed the haplotype block and strong LOD value supported the association of this haplotype with asthma.
The two polymorphisms associated with asthma in our study were located on the exonic region of the ADAM33. The rs2280090 is a variation wherein the amino acid proline changes to serine and the other SNP rs2280091 naturally codes for amino acid methionine changing to threonine. Both the SNPs are located on the cytoplasmic domain of the gene, and these variations have a potential to change the intracellular signal of the protein that contributes to increasing fibroblast and proliferation of smooth muscles. These two features are characteristic of airway remodelling in asthma 29, 34 .
These variations were found to be benign in their effect individually, with respect to the predictions of PolyPhen-2 predictor tool. The effect of phosphorylation on the amino acids serine and threonine is high, and these amino acid residues mediate numerous signal transduction pathways 35, 36 . Since these variations were found to be together in the participants of the study, these might have combined effect on the protein function.
The study was performed as a pilot study with a limited sample number, which remained the main limitation of this study. The inclusion of 35 SNPs allowed us to perform the haplotype analysis. An association of the two SNPs on haplotype analysis was observed linked with each other with strong LOD score, and since both the SNPs are located on the same domain (cytoplasmic domain) of the ADAM33 protein, it is possible that it may hamper the protein function. This suggests that further functional analysis of this domain may help us to better understand the role of ADAM33 in asthma.
In conclusion, an association of two polymorphisms (rs2280090 and rs2280091) was found with asthma on haplotype analysis but not to other asthma phenotypes, such as asthma severity and atopy. Since this was a pilot study, the sample size used for the study was small and further studies with larger sample size would be necessary. 
